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ABSTRACT

Test writing is one of the essential activities that university faculty must do. Evidence-
based instructional practice indicates that the exam content and difficulty should match
the content taught in the course. Many faculty, however, hold the belief that tests
should “stretch” students to tease out the best students or to extend content beyond
what is covered in a course. In this case study, we explored if exam items, which are
in the scope of the course but are “a stretch,” affected engineering students’ ability to
self-monitor and reflect on performance. We compared and contrasted two
examination experiences from the same engineering statics course. In scenario one,
students recently learned a concept, and their practice exam reflected that content. In
scenario two, students had yet to learn the concepts contained in the practice exams,
but the concepts were related to the course. We explored this from a pre- and post-
dicted expected performance, actual performance, and physiological response
(electrodermal activity and heart rate) perspective for 26 engineering students.

This research examines the relationship between expected performance, actual
performance, time per question or exam, and arousal response. Findings suggest the
pre- and post-dicted expected performances may influence physiological responses
(e.g., electrodermal activity and heart rate), which may not necessarily support
students’ actual performances on the exam.
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Introduction

The Centre for Teaching Excellence at the University of Waterloo [1] states that “A
good exam gives all students an equal opportunity to fully demonstrate their learning.”
The complexity lies in determining what a good exam looks like. What content does it
contain? How difficult is too difficult? The question about the difficulty of an exam
becomes more prominent in fields like science, technology, engineering, or math
(STEM); for example, in engineering, the typical weed-out culture in the field leads to
high expectations, many times evidenced in the form of very challenging exams [2].

Vygotsky defined the zone of proximal development as the zone where students
cannot necessarily do something entirely on their own but can achieve mastery with
encouragement [3]. Transferring this to exams, exams can be an experience that is
knowledge building or disabling depending on how much the students are expected to
“stretch.” In cases such as engineering, we suspect the latter may be present. One
main motivation for this study was to determine the effect that exam experiences have
on the performance of engineering students in near-real-time. Through physiological
biometric tools, we hope to understand better how these engineering students respond
to and react to different exam approaches and situations. The results from this study
can better inform instructor formation of assessments and help educators understand
what may “stretch” engineering students too much.

THEORETICAL FRAMEWORK
Pre- and Post-dicted Performance

A limited number of scholars have explored the relationships that student performance
predictions (both ‘pre-dictions’ before the exam and ‘post-diction’ after the exam) had
with the actual performance on exams. For example, in a study by Hacker et al. [4],
researchers explored student pre- and post-dictions in an introductory educational
psychology course at a mid-southern university (N=99 undergraduates). Students who
answered more than 70% of test questions correctly had closer pre- and post-dictions
of their actual exam scores than those answering fewer exam questions correctly.
Students who answered less than 50% of test questions correctly were overly confident
in their pre- and post-dictions [4]. It is important to note that the exam given to the
students was within the scope of content that was familiar to them because it had been
introduced in class previously [4]. To our knowledge, there is a lack of studies exploring
student pre- and post-dictions on exams whose content is within the scope of the
course but are outside the content that has been covered in class (referred to as a
“stretch”). This study will explore pre- and post-dictions for the student in a “stretched”
situation. Also, we will explore how students react to the “stretch” scenario near-real-
time during the examination experience through physiology based techniques (e.g.,
electrodermal activity, heart rate).

Electrodermal Activity and Performance

Due to the development of wearable sensors, continuous skin conductance levels can
be recorded in near-real-time scenarios [5], which is attractive to educational
researchers. A commonly used signal that measures physiological arousal from the



electrical conductivity of the skin is the electrodermal activity (EDA) [6]. EDA is a
measure of the activity within the sympathetic (fight/flight system) autonomic nervous
system [6]. EDA data can be divided into phasic (stimulus-specific and immediate) and
tonic (baseline) forms [6]. Phasic EDA evidences physiological arousal, indicating a
cognitive activation or emotional strain [6].

EDA has been reported to be a function of task difficulty, with lower levels of arousal
measured when the problem is more difficult [7]. It is assumed that this limited rise in
arousal may have to do with inhibitory control [7], which is the ability one has to resist
distractions and give full attention to the relevant stimuli due to increased cognitive
load [8].

Changes in EDA can provide insight into understanding student performance [9]. High
skin conductance indicates an increase in arousal, which is significantly positively
correlated with peak performance [10]. Both the studies previously stated dealt with
sports and video games, but significant correlations have also been found between
academic performance and EDA responses [5]. There is a lack of studies of academic
situations when students are not familiar with exam content. This study aims to explore
further this phenomenon through a closer examination of the relationships between
EDA, expected performance (as reported by the student), and actual performance in
both a context where students are familiar with the exam content and a context where
the students have not yet learned the exam content.

Heart Rate and Performance

Heart rate has been investigated as an indicator of student stress during various
academic activities [11]. It has been found that anxiety is a strong influencing factor for
heart rate increases with exams [12]. Heart rate can give insight into the magnitude of
stress experienced by students [11] while participating in an exam experience. It has
been found that student heart rates can be about 35% higher during an exam than
during lecture and a 26% increase in heart rate was observed while students were
receiving the results of an exam [11]. During a French oral exam (N=23 first-year
college students), a significant positive correlation was found between average heart
rate and performance [13], but during a driving test (N=13), a significant negative
correlation was found between average heart rate and performance [14]. This suggests
that attentional and cognitive shifts may affect or even reduce changes in an
individual’'s heart rate [15]. Since there is a gap for written exam performance and heart
rate, this study also sought to determine the relationship between heart rate and
performance during a written exam with differing testing scenarios.

Perceived Stress and Performance

As mentioned in the Heart Rate and Performance section, anxiety and stress can be
influencers of physiological responses and performance. In a study of 202 dental
students, who are known to report high levels of stress, it was found that there was
limited support for an association between academic performance and perceived
dental environment stress [16]. At the beginning and middle of a semester in a pre-
degree science university program, there were no significant correlations between
perceived stress and academic performance, but at the end of the semester, there was



a significant negative correlation between perceived stress and academic performance
[17]. There appears to be a gap in the understanding of perceived student stress and
exam performance in a different exam situation. This study will further investigate this
gap by exploring perceived stress in students who are not familiar with exam content.

METHODS

All procedures were approved by the Utah State University and University of Oregon
Institutional Review Board (IRB) offices for studies on human subjects.

Research Design

This study involves a customized experimental setup that includes a laptop computer
interfaced with two web-cameras, a customized timestamping program created in
MATLAB, and a customized exam protocol, which recorded student responses as well
as the time it took the students to respond to the questions. A representative
experimental timeline can be found in Fig. 1.

Pre- Exam + SE b5 Exam + SE 20 Minute Post-

Survey Questions Questions Wait Survey

minutes in
Survey

Fig. 1. Experimental timeline for the research study. Survey questions refer to a set of
self-efficacy (SE) questions relating to student confidence on individual questions.
These questions are not covered in this study.

Our research study focuses on the comparison of one set of students that took an
exam with content that had been covered in the course (control group) against one set
of students that took the same exam, but the students had not yet covered the content
in class (experimental group).

Hypotheses
In this experiment, we hypothesized the following:

H1: Predicted performance by students across the exam will decrease with the
magnitude of change being greater for the experimental group compared to the control

group.

H2: Time spent on the exam for the experimental group will be significantly less than
the control group.

H3: EDA arousal intensity will show lower arousal responses for the experimental
group compared to the control group.

H4: Heart rate will be higher for the experimental group and will increase across the
exam in comparison with the control group, which will have lower heart rates and will
decrease over the exam

The rationale for these hypotheses stems from the findings stated in the theoretical
framework. It is expected that students who are in the “stretch” or experimental
scenario will face lower arousal because of the increased difficulty since the problems



are not familiar, leading to inhibitory control [16]. The experimental group is expected
to have a higher heart rate due to higher stress and anxiety resulting from a lack of
familiarity with content [11-12]. More significant decreases in predicted performance
will be evident in the experimental group since the actual performance is expected to
be lower because of the lack of familiarity with the content. Less time will be spent on
exam questions for the experimental group because they are not familiar with the
content of the exam, though it is within the scope of the class.

Exam Context and Participants

For this study, an engineering statics course was chosen since it is historically the first
engineering course that students across multiple engineering majors are required to
take in colleges of engineering in the U.S. [18]. This study was conducted on a U.S.
western institution of higher education with a higher than average non-traditional, first-
generation, and rural student enroliment [19].

The statics course has three midterm exams and one final exam. This analysis focused
on the content of the third midterm exam in Fall 2018 and Spring 2019, which was
around week 12 of a 16-week semester and whose length and difficulty paralleled the
actual exam. The practice exam contained 16 multiple-choice questions, which
required some data analysis before selecting a response.

Students were recruited to take a practice exam one week before their actual exam for
this research study from an engineering statics course in preparation for their actual
exam. As an incentive, students were offered extra credit (decided by the instructor)
and a $5 gift card (provided by the research team). Attending this study also fulfilled
the class assignment requirement for completing the practice examination. This work-
in-progress study shows a case of 13 participants from Fall 2018 who took Exam 3
after learning the content in class (control group) and 13 participants from Spring 2018
who took Exam 3 before learning the content in class (experimental group). Even
though participant numbers are small, the amount of data collected and processed was
very high, as explained in the sections below.

Experimental Setup

Students are situated at a station featured in Fig. 2. As shown in Fig. 1, the students
take a series of surveys throughout their multiple-choice exam. Additional time is
allotted on the exam to account for the time expended during survey taking. In the pre-
and post-survey, students self-assess their performance as their predicted percentage
of correct answers in the exam. Correct responses to each exam question were
collected from the course instructor (who designed the practice and actual exams in
the course), and performance data were collected from each student via our custom-
created program. Students’ perceived life stress was self-reported using the validated
Perceived Stress Scale from Cohen, Kamarck, and Mermelstein [20].



Fig. 2. Individual participant experimental setup for the research study.

Electrodermal Activity and Heart Rate Collection

During the entire duration of the exam period, EDA signals were collected from each
participant at a rate of 4 Hz for ~2-hour exam (~28,800 data points per student) via an
Empatica E4 wrist sensor (Empatica, Boston, MA). After collection, the EDA data must
be cleaned, which was done according to a customized protocol [21-22] that filters out
sources of noise in the data due to hand or body movement. To compare across the
semesters, the EDA data (in the form of arousal intensity or the number of peaks) was
normalized by time spent on each question of the exam. Heart rate was collected by
the same sensor at 1Hz, which is slower compared to EDA data collection.

Ecological Validity

The ecological validity in this experiment was maintained by closely resembling the
students’ actual exam conditions. The students were provided with the same equation
sheet, which was developed by the instructor, given in the actual exam. The workbooks
were similar to what is offered in an actual exam. The test content was an electronic
subset of practice test questions developed by the instructor, which paralleled the
content and structure of the actual exam. The same amount of time was given for exam
time (extra time was allotted for surveys). The actual exam that students take is also
administered on a computer.

Statistical Analysis

To compare differences across the semesters, a paired one-tail t-test analysis was
conducted for time, EDA, heart rate, and self-reported perceived stress across the
semesters. To identify correlations between each variable, a Delta score was
calculated for each parameter across the two semesters. This Delta score was then
used to conduct a Pearson correlation analysis for each variable.

RESULTS

The time spent on the exam was compared between the fall (control group) and spring
semester (experimental group). We found a significant decrease in time spent on the
exam between the two-time points (=4.36; p<0.001). For EDA, the number of peaks
were normalized by time and then compared. There were no differences found
between the experimental and control group (£=-0.38; p=0.35). For heart rate, no
changes were found either (t=1.05; p=0.15). Interestingly, when comparing expected



performance across the two groups, we found that between pre- and post- predictions,
there was a ~14% (control group) and a ~29% (experimental group) self-reported
reduction in their expected performances to the exam when comparing the pre-dicted
and post-dicted conditions (t=12.49; p<0.001 and {=36.86; p<0.001, respectively).
Finally, actual performances on the exams were compared between the control and
experimental group. The actual performance for the experimental group was found to
be nearly 30% lower than the control group (=2.72; p<0.01).

Correlation analysis was conducted for the Delta scores between the control and
experimental group in terms of actual performance and: (a) normalized EDA arousal
intensity (number of phasic EDA peaks/time); (b) heart rate; and (c) perceived stress.
No statistical significance was found between actual performance and EDA arousal
intensity (r=0.13; p=0.068). We also did not find a statistical significance between heart
rate and actual performance (r=0.05; p=0.49). Perceived stress and actual
performance also did not show significant correlations (r=0.04; p=0.52).

In a similar fashion, pre- and post-dicted performance was examined for correlations
to: (a) normalized EDA arousal intensity; (b) heart rate; and (c) perceived stress. For
predicted performance, we found a moderate positive correlation to normalized EDA
arousal intensity (r=0.36; p<0.001), heart rate (r=0.36; p<0.001), and perceived stress
(r=0.35; p<0.001). For post-dicted performance, we found a moderate positive
correlation to normalized EDA arousal intensity (r=0.36; p<0.001) and to perceived
stress (r=0.30; p<0.001) but not to heart rate (r=0.02; p=0.77).

Upon closer examination of the variables, we also found a weak positive correlation
between normalized EDA arousal intensity and heart rate (r=0.14; p=0.03) and a
moderate positive correlation between normalized EDA arousal intensity and
perceived stress (r=0.29; p<0.001). Actual performance when compared with both
predicted performance (r=0.00; p=0.93) and post-dicted performance (r=0.04; p=0.55)
did not have correlations with each other.

DISCUSSION

We found that there were overall decreases in both pre- and post-dicted performance
and actual performance in both experimental and control groups with a larger
magnitude of change in the experimental group suggesting that exposure and
familiarity with the exam content do matter. This was also confirmed with decreased
time spent on the exam by the experimental group due to unfamiliarity with the content.
Literature suggests that if the cognitive load exceeds our processing capacity,
individuals will struggle to complete the activity successfully [23]. It was interesting to
find that while no correlations were found to actual performance, we did find
correlations with pre- and post-dicted expected performances for EDA, heart rate, and
perceived stress. This suggests potential anticipatory influences on physiological and
psychological constructs of emotions and stress [24]. Also, we found that for post-
dicted performances, there was a reduction in heart rate. This finding may suggest that
reflective processes were at play, which may have influenced or reshifted cognitive
attention on the task, leading to reduced heart rate, as suggested in other studies [15].
Moderate positive correlations were found between EDA and perceived stress. This



points to a potential feedback role with reflective emotional processes among
individuals, as suggested by the circumplex model of affect [25]. However, it is also
possible that this may support the feedback mechanisms of the control-value theory
[26] where individuals who may not have felt in full control of their exam experience
may have some residual physiological and psychological responses lingering after the
exam.

Collectively, the data suggest the importance of anticipatory and reflective processes
during exam-taking, particularly as they relate to a students’ well-being and behavior
during these types of experiences. Overall, exam content that seemed to be a ‘stretch’
for these students did ignite these physiological responses, which may have been
reflective of their sympathetic nervous system responses (e.g., fight or flight) [6].

CONCLUSIONS & IMPLICATIONS

The data suggest that when students are placed in situations where their knowledge
is ‘stretched’ beyond domains that are attainable to them, especially in high-stakes
situations like exams, reactive physiological and psychological responses surface.
This, in turn, influences the magnitude of change over time suggesting that their
reactive physiological responses are not supporting their actual performances, as
evidenced by the 30% decrease in performance score for the experimental group.

Our findings point to the importance of understanding beforehand the implications of
“stretching” students during an exam. Rather than responding to the “stretch” by trying
harder, students put less effort into the exam. Over-stretching them may result in
decreased performance and maladaptive psychological/physiological processes. If not
handled appropriately, these decreases can lead to dire consequences (e.g., failure,
drop-out). At the same time, identifying the proper zone by which to stretch students
may potentially have a contrary effect such as positive performance outcomes and
warrants more in-depth exploration. One intended future aim of this work will be
exploring advanced modeling (such as those based on machine learning) to develop
a student prediction model based on various physiological response data (e.g., EDA,
Heart Rate) on a higher population of participants.

LIMITATIONS

This study is limited in its sample size, which limits statistical power. Also, this study
was conducted in a laboratory environment that, while it was ecologically valid, is still
not representative of the full, high-stakes environment that students would experience
in a real exam experience. Also, EDA is influenced by other factors other than
movement such as temperature and humidity [6]; additional work is needed to identify
if these factors may have influenced some of the findings in this data. We did not
explore additional outcomes (e.g., self-efficacy) that could have informed us more
about how students coped with the two exam scenarios. Another limitation is that since
students were not introduced to the exam concepts while in the classroom context,
they may have been demotivated when continuing the exam. To fully understand the
phenomenon we explored in this study, we would have to address different levels of
content familiarity to understand this in more detail.
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